Orbifold compactifications '-' of the superstring theories are especially ati ,;' tractive because interactions on orbifolds can be calculated exactly at the string .
tree-level.6'7 Thus all the parameters of the tree-level effective superpotential can be determined exactly, i.e. including contributions which are perturbative as well as nonperturbative in the ratio a/R, where Q' is the string tension and R is the radius of the orbifold. (F or example, the effects of worldsheet instantons are automatically incorporated.)
The left-right ((2,2)) y s mmetric orbifolds, i.e. those with spin and gauge connections identified, can also be blown-up [6] [7] [8] [9] [10] [11] into the corresponding CalabiYau manifolds. This is achieved by giving nonzero vacuum expectation values (VEV's) to the massless scalar fields associated with the orbifold singularities,
i.e. the so-called blowing-up modes, whose potential is flat. 
Scattering amplitudes in the repaired
. _T_ -----Here (VB(~))-r is the corresponding vertex operator in the -1 picture and 
The right-moving N = 2 superalgebra of (0,2) as well as (2,2) The calculation of parameters of the effective superpotential in a particular theory reduces to the study of the corresponding amplitude of the massless states -emitted from the string propagating in this particular background.
It is most convenient to calculate ""' the following Yukawa-type n-point function in the orbifold background:
;
Here VF; and Vg; denote the vertices for the emission of the massless fermionic -/* and bosonic modes, respectively (see eqs. (4) (5) (6) ). This amplitude enables one to probe the parameters of the superpotential directly, unlike the amplitude for 17 ,c-n-kosons.
.
With the explicit form of the vertices (4,5,1), one can then evaluate the a-mplitudes in the particular background which must obey selection rules that the total 4 charge equals -2 and (Hi), charges should be separately conserved.
It has been shownlO'll that in the amplitudes (7) Note that in (9) th ere are no factors proportional to a,X,,, since (a,X,,) = 0.
The form of aX,l's is determined7 as follows?o
Here L is the number of twist fields oJ, UK and ~JJN--K are determined by the operator product expansion 7 of dX with the twist fields. E.g. w;(z) = _ _z.
---S,l = 0 _ ai E 0 and bi E 0. L.
(11) -
In this case also all aX,r's are identically equal to zero (see eq. (10)).
Using (10) . 17. Note that in this case one is probing the scalar potential, which is the mixture of the F-and D-terms.
18. This in turn implies that the effective superpotential calculated in this way cannot be mimicked by a massless exchange of gauge or gravitational particles; the amplitudes of such exchanges would be proportional to k2
which are absent in the amplitude (7).
19. From now on we shall suppress the index i for internal coordinates.
20. We suppress the dependence on zi, the location of the vertices. _e.
---;.
